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DATA TRANSFER METHOD 



BACKGROUND OF THE INVENTION 

' Field of tho bwe fttfam 

The present invention relates to a visualization 
technique for visualizing^ usejmemory areas of plural memory 

.evicesjan^^ 

devices or in a memory device. 

Bescg^ pLxuii ul LlK. n ul fi t nfl te* j^hy, 

in a Storage Area Network (SAN) J which^fe a technique for 
connecting plural computers and plural memory devices through 
a network, there is a technique for visualizing^** use A memory 
areas of the memory devices (e.g. . see "Visualization of Disk 
Storage (September 2000) - ; which is a technology white paper 
of^Evaluator Group. Inc. «m-uuiuiuim .._ f _ 
B aitc d U ti"- 1 1 l1>iri nn r ^iri u atinn ) . 

There are several methods of visualization depending 
upon position between a computer and a memory device where 
visualization is performed. 

A first method is a method ttiShjwhich virtualizatxon xs 
performed by storage management software or volume management 
software in a computer in which a server application is executed . 

A second method is a method Wx^which a computer havxng 
plural interfaces connecting a memory device is placed in front 
of the memory device to perform visualization, or the memory 
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device itself performs virilization. 

A third method is a method with which visualization is 
performed in a network apparatus or amanagement server apparatus 
constituting the SAN . This method is classified into an in-band 
method of handling a control I/O ( Input /Output ) and a data I/O 
in ^same network and an out-of-band method of separately 
providing a network for flowWfthe control I/Q ; to handle the 
control I/O separately from the data I/O. 

SUMMARY OF THE INVENTION 
in the second or third method of visualization described 
K (Irfthe related art), a virtualized memory area (virtual volume) 
is provided by a relay device ; such as a LAN switch ; in the case 
of constituting an SAN using an Internet small computer system 
interface (iSCSI) in a fiber channel switch or the Ethernet 
(registered trademark), and an apparatus of a server base 
including plural host bus adaptors ( HBAs ) of a fiber channel 
or the Ethernet (registered trademark)." In such a case, if 
the virtual volume is constituted b^combination of memory areas 
of plural memory devices, depending upon ^state of access of 
the virtual volume, a memory device of a destination to be 
accessed changes one after another among the plural memory 
devices, for example, a first memory device, a second memory 
device, and a third memory device. As a result, there is a 
problem in that^relay processing load increases. 
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It is a first object of the present invention to provide 
a method of reducing the relay processing load by performing 
data transfer during operation^ such that the virtual volume 
is constituted by memory areas of ^relatively small number 
of memory devices. 

in addition, it is possible that, if the virtua1 ^^ 
is constituted by memory areas of plural ■^^gj*-** 0 
increase or decrease areas whenever necessary , ^unused memory 
areas with a relatively small capacity may increase. If the 
virtual volume is constituted by a large number of memory areas 
with a small capacity^rocessing load of conversion processing 
in associating the virtual volume in the relay device with an 
actual memory area increases. 

Further, there is also a problem in that a relatively 
large virtual volume cannot be constituted by ^relatively 
small number of unused memory areas. 

A second object of the present invention is to provide 
a method of reducing this problem by performing data transfer 
during operation, for example, from one or more memory areas 
already constituting the virtual volume to another memory area ; 
such tha^n^ied memory areas with a relatively small capacity 

oae& K reduced . # 

The present invent ion^a* data transfer method in a 
computer system including: plural computers; plural memory 
devices ; a relay device which connects the computers and the 
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memory devices; and a management device which manages the 
computers, the memory devices, and the relay device. 

wherein the management device sets virtual memory areas 
of the memory devices for the plural computers and holds 
information on contents of the setting as first information. 

the relay device holds second information which is created 
based upon the first information. 

the virtual memory areas correspond to memory areas in 
ttce respective memory areas or a memory area formed by combining 
memory areas in the plural memory devices, and 

the relay device selects one virtual memory area from 
the second information and, w^the case Wliluli jfhe selected 
virtual memory area is a memory area formed by combini ng the^ 
memory areas in the plural memory devices as an opportunity,, 
performs data transfer among the plural memory devices to reduce 
th^Smory devices involved in the combination. 

in addition, the relay device r e ^^ to tfee se °° nd 
information and. wd^the case in which the^memory areas with 
a relatively small capacity n ot^corresp onding to the virtual 
memory areas increases an oppfeuT^^erfor^data transfer 
among the plural memory devices to reduce the^memory areas with 
a relatively small capacity not corresponding to the virtual 

* 



memory areas . 
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4 ^ 
Fig. 1 is diagram showing an example of ^structure 



of a computer system; 

Fig. 2 is anagram snowing an example of .J structure 
of programs and tables which a switch manager of a switch has; 

Fig. 3 is^iagram showing an example of ^structure 
of programs and tables which a routing control section of the 

switch has; ^ 

Fig. 4 is anagram showing an example of ^structure 

of programs and tables which a cooperative server of the switch 

Fig. 5 is anagram showing an example of ^structure 
of programs and tables which a management device of the computer 



system has; , 

Fig. 6 is anagram showing an example of „ structure 
of a unit and an example of ^structure of a unit management 

table ; ■* *^J$ty 

Fig. 7 is anagram showing an example of Structure 

of a logical unit management table and a virtual volume 



management table; 

Fig. 8 is anagram showing an example of ^structure 
of the logical unit management table and the virtual volume 

management table; ^ ^ 

Fig . 9 is anagram showing an outline of^process*** of 

data transfer; 

Fig. 10 ifapigram showing an example of a processing 
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sequence for obtaining an opportunity for data transfer; 

Fig. 11 i^^oSgram showing an example of the processing 
sequence of data transfer; 

Fig. 12 is a diagram showing an example of a table for 
managing a state of a logical unit; 

Fig. 13 is a diagram showing an example of a block bitmap 
table and an I/O processing matrix for performing I/O processing 

during data transfer; ^ 

Fig. 14 is diagram showing an outline eProcess iflfc 

of data transfer; 

Fig. 15 iT^^gram showing an example of a processing 
sequence in the case in which easiness of constitution of a 
disk is taken as an opportunity for data transfer; 

Fig. 16 is a diagram showing an example of ^structure 



of a unit usage state management table; 

Fig. 17 is i ataiagram showing an example of ^"structure 
in the case in which main components of a switch are constituted 

redundant ly ; . . 

Fig. 18 is anagram showing a method of distribution 
and synchronization of table information of switch managers 
constituted redundantly; and 

Fig. 19 is a^diagram showing an example of a structure 

i 

in which the switch manager has a hard disk. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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A first embodiment of 'the present invention will be 
described with reference to Figs. 1 to 13. -» ^> ^^j^j 

C^TtheTirst embodiment, a case will be doooribcfy in which 
data transfer is performed during operatio^such that the virtual 
volume is constituted by memory areas of **e A relatively small 
number of memory devices. W 

Fig. 1 is ajdiagram showing an example of ^structure 

of a computer system in jjthe present in vent ion. [ > . 

CZZeesverl^paratuses 170^ecSected to storage devices 
180 .via a switch 100. -* — ^ 

* W/yu.V< 

CAlthoxIglTthe switch 100 feJTfiber channel switch or a 
LAN switch, an Ethernet (registered trato^wlt* is 
described as an example of a relay device in the A description 
ofXembodiments of the present invention. 

The switch 100 includes: plural connection interfaces 
110 (represented as Ether MACs in Fig. 1) which perform control 
of a physical layer and a data link layer for connecting the 
server apparatuses 170 , storage devices 180 , or the like; P lu ^j^ 
routing control sections (routing controls) 120 which ^Iorm A 
determination of « connection interface to be a destination 
J^nversion eContents of a packet, if necessary, based 
upon information of a header or an information part of a layer 
2 or upper layers of a packet to be sent and received (layers 
up to a layer 7 are shown in the figure); a crossbar switch 
130 which connects the plural routing controls; a switch 
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management section ( switch manager) 140 which performs device 
management of the switch 100 and calculation of a path control 
protocol; and an internal communication line 101C ; such as an 
internal bus ; which connects the crossbar switch 130 and the 

switch manager 140. 

The routing control 120 includes : a CPU 126 ; a main memory 
(MEM) Storing programs and tables; a forwarding control 
section J S^c^s from the layer 2 to the layer 7 (layer 2-7 
forwarding engine) 121, a header search section ( search engine) 
122 for a packet; and a memory (MEM) 123 A storing a table 125 
Qi&roof Th ese components are connected by an internal 
communication line 128, such as an internal bus. 

The switch manager 140 includes: a CPU 141; a main memory 
(MEM) 142-^oring programs and a table 143 ; such as a path control 
table; a management Ethernet (registered trademark) (Ether) 
145; and an internal bus control 144 for making connection***** 
the internal communication line 101C to the crossbar switch 
130. These components are connected by an internal 
communication line 146 ; such as an internal bus. 

Moreover. Lu the ^rrrrTT-t ^f- a management device 160 is 
con^id^a^anagement^con^ole or a port 161 of the Ethernet 
(registered trademark ^aT^Tmes of storage devices 180 
or plural cooperative servers 150 for performing functions, such 
as backup of a virtual volume provide^t^wltch 100 in 
cooperation with the switch 100 ; are connectedpa the connection 
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interfaces (Ether MACs) 110.' 

The cooperative server 150 includes: a CPU 151; a main 
memory (MEM) 152^toring programs and a table 153 ; such as a 
volume management table; an Ethernet (registered trademark) 
(Ether) 156; and ahard disk 157 . These components are connected 
by an internal communication line 155 ; such as an internal bus 
via an internal bus control 154. 

Fig. 2 is a diagram showing an example of structure 
of programs and tables which are stored in the main memory 142 
in the switch manager 140 of the switch 100. 

A program area 201 of the main memory 142 includes: an 
operating system 203; a path control protocol 204 ; real/virtual 
volume management 207 ; device control 209 ; processing of packet 
for switch 211 ; and data transfer processing 212 . A table area 
143 includes: a routing table 205 and a filtering table 206 
which are related to the path control protocol 204; a volume 
management table 208 related to the real/virtual volume 
management 207; a device management table 210 related to the 
device management 209; and a unit usage state management table 
213. The device management tables a table having recorded 
therei^ypes. structure information, performance information, 
and the like of connected devices and incorporated devices. 

p 

^-i ~ 4« rta • a and 5 are similar ism. J - 

Device 

management taDJ.es m r^yo. — ^ 

Fig. 3 is a diagram showing an example of ^structure 

, ahl „ stored in the main memory 127 and the 
of programs and tables storea 
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memory 123 (125) in the routing control 120 of the switch 100. 



The main memory 127 includes: an operating system 301; 
processing of packet for which hardware processing is impossible 
303; and communication processing with the switch manager 302. 
The memory 125 includes: a routing table 304 related to the 
communication processing with the switch manager 302; a 
filtering table 305; and a volume management table 306. 

Fig. 4 is a diagram showing an example of a, structure 
of programs and tables stored in the main memory 152 of the 
cooperative server 1 50. -+ -p 

CX^r^gr^Tarea 401 of the main memory 152 includes: an 
operating system 402; real/virtual volume management 403; 
backup function processing 404; device management 406; and 
communication processing 408 for communicating with the switch 
or the management device . The table area 153 includes : a volume 
management table 405 related to the real/virtual volume 
management 403 and the backup function processing 404; and a 
device management table 407 related to the device management 

406. ^ 

Fig. 5 is a diagram showing an example of a J structure 
of programs and tables stored in the management device 160 

<~A program area 502 of a main memory 501 includes: an 
operating system 504, device management 508 and real/virtual 
volume management 506^3 storage management software 505; and 
communication processing 510 for communicating with the switch 
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or the cooperative server. A table area 503 includes a volume 
management table 507 related to the real/virtual volume 
management 506; and a device management table 509 related to 
the device management 508. 

The volume management tables 208. 306, 405, and 507 shown 
in Figs. 2 to 5 include a unit management table 600, a logical 
unit management table 701 , and a virtual volume management table 

702 shown in Figs. 6 to 8. 

An administrator of the computer system shown in Fig. 
1 creates or updates the volume management table 507 with the 
management device 160 and distributes it to the volume management 
table 208 of the switch manager 140 of the switch 100 and the 
volume management table 405 of the cooperative server 150 . The 
switch manager 140 distributes it to the volume management table 
306 of the routing control 120. 

Fig 6 is a diagram showing an example of a structure 

of s^unit management table^. — 

The storage device 180 includes: plural connection ports 
601 for making connection with the computer 170 or the switch 
100; and disk adapters 603 for accessing plural disks 604. In 
the case in which there are ttaa plural connection ports 601 
and plural disk adapters 603 . each connection port and each 
disk adapter ^[connected by an 'internal switch 602. 

The unit management table 600 includes plural entries 



605. 
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^The entry 605 for each 'disk includes inf ormation.,such 
as a unit ID. a media access contrcl <M*C, address . an IP address . 
a port ID. a disk number, the number of blocks (in order to 
simplify explanation, one megabyte is assumed to be one blocK) . 

and ^capacity . ^ 

Fig. 7 is a diagram showing an example of »J structure 
of a logical unit management table and a virtual volume 

management table. 

A logical unit management table 701 includes plural 

entries 701A. 

^entr^lA for each logical unit includes information., 
such as a logical unit (HI ID. the unit ID shown in Fig. 6. 
a start logical bloc* address (LBA) . an end LBA. a size, and 
a state, 

A virtual volume management table 702 includes plural 
entries 703 

^^703 for each virtual volume includes information, 
s „ch as a virtual volume ID . a pair of constituent logical units 
a „s, . and a size and information indicating the propriety of 
transfer . The propriety of transfer is -prohibited" in an entry 
703A and is -possible" in an entry 703B. 

A virtual volume 704 ; shown as an example, is constituted 
as a combination of logical units with logical unit IDs of VLU00 
and VLU01 as indicated by the entry 703A of the virtual volume 
table 702. and the propriety of transfer is -prohibited". 
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Fig. 8 is a diagram sowing an example of ^structure 
of a logical unit management table and a virtual volume 
management table^as^in F ig. 7 

^Ir^al volume 804 is Constituted as a combination of 
logical units with logical unit IDs of VLU10 and VLU11 as 
indicated by an entry 703B of the virtual volume table 702, 
and the propriety of transfer is "possible" . 

The virtual volume of Fig. 7 includes disks 604 in the 
same storage device 180, and the virtual volume of Fig . 8 includes 
disks 604 in different storage devices 180 . The data transfer 
me thod of the present invention performs data transfer in a 

case as shown in Fig , f /J ^ J U ^ 

Fig . 9 is .SW^ an outline of^processing 
in the case in which data transfer is performed in the virtual 

volume 804 of Fig. 8 vJ^J) 

^TT^rr^I^ showing an example of a processing 
sequence for obtaining an opportunity for the data-transf er 
processing 212 of the switch manager 140 to perform data 
transfer. 

in the processing sequence of Fig. 10, when the data 
transfer processing 212 selects a virtual volume, for example, 
the virtual volume 804 (step 1001). next, the data transfer 
processing 212 judges whether or noi data transfer is prohibited 
for the selected virtual volume (step 1008). If a result of 
the judgment indicates that data transfer is prohibited, the 
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data transfer processing 212 noes net perfom. data transfer. 
If data transfer Is net prohibited, the data transfer processing 

212 proceeds to step 1002. 

in step 1002. the data transfer processing 212 checks 
a constituent L». In the case of the selected virtual volume 
804. it is seen from the entry 703B of the virtual volume 
management table 702 that a constituted logical unit is a 
combination of VLO10 and VLU11. 

in step 1003. the data transfer processing 212 judges 
whether or not all IP addresses of the constituent LU coincide 
with each other. If allfthe IP addresses of the constituent 
W coincide with each other, the data tmnsfer^ssing 212 
does not perform data transf errand, if not . proceeds to step 
X004. inthecaseof the virtual volume 804 . unit IDs are RUA0100 
and RUB0000 . respectively, according to entries 801A1 and 801A2 
of the logical unit management table 701. Therefore, since 

. de W ith each other according to 

all IP addresses do not coinciae wim 

4- f ah iP 600 the data" transfer processing 
the unit management table 600. tne 

212 proceeds to step 1004. 

in step 1004. the data transfer processing 212 selects 
a constituent LU and proceeds to step 1005. Here, in the case 
of the virtual volume 804. it is assumed that a logical unit 

«f RUA0100 is selected. 

in step 1005. the data transfer processing 212 Judges 
whether or not an unused area in a real unit, to which data 
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can „e transferred from another constituent LO. exists in a 
memory device of the selected oonstituent «,. « an unused 
area exists, the data transfer processing 212 prooeeds to step 
10 0 V ~d. if ~o^^ *» step 1008. xn the case of the 
vlr tual volume 804. since a logical unit 1 RUA0100 is selected, 
and. as a resuit of the Judgment of step 1005 - | ^areato which 
oata can he transferred fro. another constituent,,** KUB00OO 
exists, the data transfer processing 212 proceeds to step X007 . 

In step !007. the data transfer processing 212 performs 
oata transfer processing . In the case of virtual volume 804 . 

. 01 , transfers data of VLU11 in 

the data transfer processing 212 transfers 

RUB0000 to RUA0100. 

in step 1006. if there is another constituent LU. the 
aa ta transfer processing 212 returns to step 1004,and. if not./ 
does not perform data transfer. 

m the processing sequence shown in Fig. 10 . data tranjer 
may not he performed (in the case of YKS in step 1003, or.may 
not he ahle to he performed^injhe^as^ 

Ci„-ISItIon7In~S^roce;sing sequence shown in Fig. 
XO^start of the processing sequence may he instructed h^an 
administrator from the management device.or the li>ce ; or A mav 
b e instructed according to a schedule of the storage management 
software 505. 

Fig . 11 is a diagram showing an example of a processing 
sequence of the data transfer processing 1007. 
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^Fig. 12 is a diagram shdwing an example of a table 1200 
for managing a state of a logical unit in a virtual volume. 
X. the figure, a state 1206 is idle when the virtual volume 
Is not involved in data transfer. 

in the processing sequence for obtaining an opportunity 
for performing data transf e^shown in Fig. 10. since there is 
a transfer destination! to which data can be transferred! in 
the unit RUA0100. the data transfer processing 1007 sets a 
logical unit VLU12 having the same size as the logical unit 

„*.^r i ?n<3 In this case , the data transfer 
VLUll ; as shown in an entry 1209 . In znis ^j^_ 

processing 1007 sets a state field 1206 ^transfer destination 
(step 1101) . 

in the logical unit VLU11 of a transfer source^ data 
transfer processing 1007 sets the state field 1206 ^transfer 
source ; as shown in an entry 1208 (step 1102). 

The processing up to this point corresponds to (1) LU 

preparation in Fig. 9- ~~ 

Next, the data transfer processing" 1007 transfers data 
from the logical unit VLU11 of the transfer source to the logical 
unit VLU12 of the transfer destination (step 1103) and changes 
a logical unit constituting a virtual volume from the logical 
unit VLU11 of the transfer source to the logical unit VLU12 
of the transfer destination (step* 1105). 

The processing up to this point is (2) data transfer and 
(3) logical unit switching in Fig. 9. 
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Next , in the logical unit VLU12 of the transfer destination . 
the data transfer processing 1007 sets the state field 1206 
to idle ; as shown in an entry 121 0j and sets the propriety of 
transfer of a virtual volume WOL02k to prohibited ( step 1106 ) . 
deletes the logical unit VLU11 of the transfer source (step 
1107 ) . and deletes data in the logical unit VLU11 of the transfer 

source (step 1108). 

The processing up to this point is (4) deletion of the 
logical unit VLU11 and (5) deletion of data in the logical unit 

VLU11 of Fig. Vj^? • vL 

-^^^fee^Sorming (4) deletion of the logical 

unit VLU11 and (5) deletion of data in the logical unit VLU11. 

the data transfer processing 1007 may keep the logical unit 

VLU11 and the data in the logical unit VLU11 for backup 

temporarily or for a designated period. 

Since the data transf erprocessing (step l^^Fig. 
11 is also required to proc"iSs7l/0 of Read and Wriie^during 
data transfer, as shown in Fig. 13, a block bitmap table 1301 
for managing incompletion of data transfer for each block unit 

is provided. ^ 

The data transfer processing transfers data tey^a/unit 
oftblock from the logical unit VLU11 of the transfer source 
to the logical unit VLU12 of the transfer destination (step 
1104A). updates the block bitmap table 1301 (step 1104B) . and 
repeats the same processing until transfer of all data is 
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completed (step 1104C). 



The I/O processing during data transfer (step 1109) 
performs processing as shown in a processing matrix 1302 in 
Fig. 13. 

l^fprocessing 1303 for a data non-transfer area is 
directly applied to a pertinent memory area, and I/O processing 
1304 or 1305 for a data transfer area is applied to a memory 
area of a logical unit of a|ta transfer source or a data transfer 
destination according to ^state of the block bitmap table 1301 . 

in the case in which the structure of the volume management 
table 208 has been changed by the data transfer processing 212 
of the switch manager 140 shown in Figs. 10 to 13, the volume 
management table 306 of the routing control 120. the volume 
management table 507 of the management device 160 . and the volume 
management table 405 of the cooperative server 150 are also 
changed . 

Next, a second embodiment of the present invention will 
be described with reference to Figs. 14 to 16_ 

^hTsIcond embodiment, a case will~be described in 
which data transfer is performed during operation from one or 
mo re memory areas already ^n^titut ing a virtual volume to 
another memory area ; such that^memory areas with a relatxvely 
small capacity^ used in the structure of the virtual volume, 
a*e^reduced . 

Fig. 14 is a diagram showing an example of ^structure 
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of a logical unit management table and a virtual volume table, 
which is the same as the example -- fa ctum shown in Fig. 

C^ig. 15 is a diagram showing an example of a processing 
sequence for obtaining an opportunity for performing data 
transfer . 

r^TTs is a diagram showing an example of a unit usage 
state management table 213 f ormanagin^easlness of constitution 

of a unit . ^ au/wa^ 

As an example, the easiness of constitutionals "low" in 
the case in which the number of vacant blocks is less than 7.500. 
-medium" in the case in which the number of vacant blocks is 
less than 12,500. and "high" in the case in which the number 
of vacant blocks is 12.500 or more. 

in the processing sequence of Fig. 15 . first . data transfer 
processing selects a unit (step 1501). As an example, it is 
assumed that the data transfer processing selects a unit RUA0001 
(entry 604A2 of Figs. 6 and 7). ^ , 

Next, the data transfer processing cheeky easiness of 
constitution of a memory area (step 1502) and proceeds to step 
1503. 

in step 1503 , the data transfer processing judges whether 
or not an area with low easiness of constitution exists in the 
selected unhand, if ^ea does not exist, data transfer 
i. not performed. If exists, the data transfer 
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processing proceeds to step 1504, In the case of the example, 

the data transfer processing checksfleasiness of constitution 

of each memory area of the unit RUA0001. Since it is seen that 

there are memory areas of "medium' 1 and "low w y| in a field of easiness 

of constitution 1605 in an entry with a unit ID of RUA001 of 

Fig. 16, thedata transfer processing performs processing, which 

is the same as that of the processing step 1004 and subsequent 

steps shown in the processing sequence of Fig. 10 , injprocessing 

of processing step 1504 and subsequent steps of Fig. 15. 

However, the second embodiment ^ ohosfo frrhe case in which, 

if data of a logical unit of a transfer source cannot be directly 

transferred to a logical unit of a final transfer destination, 

the data is jtransf erred to at least one indirect logical unit^ 

^oee and, then, ^transferred to the final logical unit of the 

transfer destination. 

In Fig. 14, (1) the data transfer processing creates an 

indirect logical unit VLU02 in a unit RUA000X/}( 2 ) af t^jr copying 

data from the logical unit VLU01 of the transfer source in a 

it 

unit RUA0000 to VLU02 in the unit RUA000X, ^copies the copied 
data of VLU02 in the unit RUA000X to the unit RUAOOOO^ which 
is a final transfer destination, and sets a new logical unit 
VLU01 to this copied datafj(3) switches the original logical 
unit VLU01 to the new logical unit VLtfOl #j ( 4 ) deletes the indirect 
logical unit VLU02^and (5) deletes data in the logical unit 
VLU02. 
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In Fig. 16, the unit RUAOOOX is changed as shown in an 
entry 1607 in (1) of Fig. 14, the units RUA0001 and RUAOOOX 
are changed as shown in an entry 1608 in (4) of Fig. 14, and 
the unit RUA0001 finally has high easiness of constitution. 

Next , a third embodiment of the present invention will 
be described with reference to Figs. 17 and 18. 

In the third embodiment , a case in which main components 
of a switch are constituted redundantly will be described, and 
a distribution method of a table from a management device and 
a synchronization method of a table of a switch control will 

be described. ^ 

Fig. 17 shows an example of ^structure of a computer 
system in the case in which main components of the switch 100 
are constituted redu ndantly, 

^In Fig. 17 , the routing control 120, the crossbar switch 
130, and the switch manager 140 are constituted redundantly. 

As g n 5 5 P" the first and second embodiments^ the unit 
management table 600, the logical unit management table 701, *z& 
the virtual volume management table 702 are distributed from 
the management device 160 to switch managers 140A and 140B as 
indicated by a flow of information 1802 <Xf jjFig. 18 and are stored 
in main memories 142 A and 142B. 

The switch managers 140 constituted redundantly may 
operate as an active system and a standby system, or both the 
switch managers 140 may be active systems to share processing. 
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In the case in which onfc system of the switch managers 

140 constituted redundantly fails , it is switched to the standby 

system in the case of the active/standby systemsjand, in the 

case in which both the switch managers 140 are tte active systems , £ 

A 

degenerate operation is performed. 

The tables 143 held by the switch managers 140 constituted 
redundantly are synchronized^ as indicated by a flow of 
information 1801, whereby it becomes possible to switch the 
tables 143 at a relatively high speed in the case in which one 
system fails . 

Next, a fourth embodiment of the present invention will 
be described with reference to Fig- 19 . 

^In the fourth embodiment, a case will be described in 
which data transfer is performed when a switch manager of a 
switch includes a hard disk. 

Fig. 19 is a diagram showing an example of a structure 
in which the switch manager 140 of the switch 100 includes a 
hard disk 1901. 




^As s^^in the first and second embodiments, the hard 
disk 1901 is also treated as a part of the unit management table 
600 (see Fig. 6) to thereby make it possible to create a logical 
unit and constitute a virtual volume. 

As an example, a unit management table 1903 adopts a 
structure as shown in an entry 1904 

C~^ n indirectlogical unit in transferring data is created 
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in the unit RUSOOOO, whereby ±he logical unit can be used in 
the case in which the memory area of the storage device 180 
(see Fig. 1) decreases relatively, and it becomes possible to 
reduce the number of times data^at the time of data transfer^ 
passes a switch* 

According to the present invention, a virtual volume can 
be constituted by memory areas^of the relatively small number 

m 

of memory devices to reducej^relay processing load on a relay 
device . 

In addition ,i unused memory areas with a relatively small 
capacity can be reduced^and, as a result ^continuous vacant 
memory areas with a relatively large capacity can be increased. 
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